Abstract. We installed the new Isotopx ATONA Faraday cup detector amplifiers on an Isotopx NGX mass spectrometer at Lamont-Doherty Earth Observatory in early 2018. The ATONA is a capacitive transimpedance amplifier, which differs from the traditional resistive transimpedance amplifier used on most Faraday detectors for mass spectrometry. Instead of a high gain resistor, a capacitor is used to accumulate and measure charge. The advantages of this architecture are a very low noise floor, rapid response time, stable baselines, and very high dynamic range. We show baseline noise measurements and measurements 5 of argon from air and cocktail gas standards to demonstrate the capabilities of these amplifiers. The ATONA exhibits a noise floor better than a traditional 10 13 Ω amplifier in normal noble gas mass spectrometer usage, superior gain and baseline stability, and an unrivaled dynamic range that makes it practical to measure beams ranging in size from below 10
Ω Xact amplifiers, we installed a prototype set of ATONA amplifiers on the NGX in March 2018. The ATONA is a capacitive transimpedance amplifier, which is partially described in UK patent application GB2552232. The remaining aspects of the amplifier are protected as trade secrets. The ATONA substitutes the typical high-gain resistor of an RTIA, for which one would try to minimize the capacitance of the circuit, with a 85 capacitor and a series of proprietary circuits that allow the rate of charge accumulation (rather than the accumulated charge itself) to be continuously sampled (again, the exact mechanism used is a trade secret). The result is that the ATONA can measure a wide range of ion beam currents, from attoamps to nanoamps (hence the name), with good linearity, very low noise, and a settling time short enough to be insignificant (less than the 2 ms sampling time of the measurement electronics).
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The ATONA has the important characteristic that the noise scales inversely with time, rather than with the square root of time, so accumulating a signal for longer between sampling intervals will result in a linearly less noisy signal. Counting statistics reduces uncertainty with the square root of time, so by comparison the ATONA gains an additional factor of the square root of time in noise reduction when the sampling interval is extended. There is a trade-off in noble gas mass spectrometry because of the evolution of the signal with time, although it is important to mention that the signal from the production version of the 95 ATONA can be subsampled without sacrificing the gain of the longer sampling time. This dynamic opens up a wide array of possibilities of best measurement practice that will vary with ion beam size, and we have not yet fully explored them. The work presented here has led us to settle on an integration time of 10 seconds, with a typical total analysis time of 600 seconds in multicollection mode, as a sweet spot for reducing noise without sacrificing gas evolution fit statistics. Analytical conditions for different experiments in this study vary and are described in the figure captions. All isotope evolutions are fit using 100 a linear regression with no outlier data points excluded from either fits or uncertainty calculations, and with no measurement cycles discarded from the analysis. The only exception is in Section 3.3, in which we removed the final 200 seconds from a set of 600-second APIS analyses in order to allow a direct comparison to a dataset of 400-second analyses on a different mass spectrometer.
3 Analyses of electronics and gas standards 
Background noise
Reported detector signal units are an arbitrary choice in mass spectrometry; the important quantity for a given detector is signal/noise ratio produced by a given incident ion beam. We quantify this by converting measured signal from detector units to incident ion beam current using Ohm's Law for voltage measured on an RTIA. The ATONA does not measure voltage in the same way as an RTIA, but its firmware converts the signal to equivalent 10 11 Ω RTIA volts. We convert back to beam current 110 for clearer comparison with RTIAs that have a different gain, and with other types of detectors. As an example, 1 10 11 Ω RTIA volt is equivalent to 10 4 fA, and 625 cps on an ion counting electron multiplier is equivalent to 0.1 fA. We calculate background noise for ideal RTIAs with a variety of feedback resistors. In this case, we assume that the only significant component of noise is Johnson-Nyquist noise, or thermal white noise, which provides an absolute limit for the signal/noise ratio achievable with an RTIA. The best commercial RTIAs approach this limit.
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Unlike Johnson noise, kTC noise (capacitor thermal noise, equal to the product of the Boltzmann constant, k, and the absolute temperature, T, divided by the capacitance, C) has no frequency component. This means that the voltage noise produced by a current discharged from a capacitor will scale linearly with time. As a result, one might expect to achieve a factor of 1/ √ t in noise reduction by extending the charge accumulation time arbitrarily. This is not exactly how the ATONA functions, as 120 one is able to subsample the measurement without losing the benefit of a longer integration time, but the expected linear relationship is achieved. The theoretical noise floor of the ATONA design is not immediately apparent from the publicly-available information about its capabilities, which do not reveal either the design of the measurement circuit or the value of the capacitor employed. A simple calculation assuming kTC noise is the only source of noise on each ATONA measurement yields a value of 15-20 pF for the complete circuit, which includes both the capacitor used on the amplifier and the capacitance of the 
Air standards
We prepared a large air standard of approximately 8.5 × 10 
Ω, 10
13 Ω, and 10 14 Ω RTIA. The ATONA noise decreases more quickly with increasing integration time because of the 1/t (rather than 1/ √ t) relationship between noise and integration time.
14 https://doi.org/10.5194/gchron-2020-1 Preprint. Discussion started: 7 February 2020 c Author(s) 2020. CC BY 4.0 License. analyzer also contribute to uncertainty in the measurements, and the sample abundance is not weighted by source sensitivity. We note that we are not able to completely control for the effects of different analytical conditions, including background, detector integration time, total measurement time, sensitivity, and data reduction. 13 Ω RTIA at the New Mexico Geochronology Research Laboratory (Ross and Mcintosh, 2016) , with smaller (0.1 cc) aliquots on the left, and 0.2, 0.3, 0.4, 0.5, 0.6, and 0.7 cc aliquots to the right. Both sets of measurements were performed with 400 seconds of analysis time in multicollection. The ATONA data were collected using 10-second integration periods, while the Argus data were collected using 1-second integration periods. The standard deviation of the signals for a given size aliquot is comparable for the two instruments.
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Ar of air standards measured in peak-hopping mode on a single ATONA Faraday cup on the LDEO NGX. Standards were measured using ten cycles each of three ten-second integration periods for each isotope, in the order
